Before we get started…
Uses same DEM concept, yet the way the forces (normal and tangential) are calculated is different Goes to say that there is no one way of computing them, tweaking usually involved in the process
The cylinder contains mixture of granular particles of two different species
General Remarks, DEM The Good Part
The approach is very straight forward to implement
The approach can be integrated easily in the computational framework discussed in ME751
If interested, Martin has a DEM code both in MATLAB and C that you can use to augment your SimEngine3D Solution method is embarrassingly parallel First, on a per-contact basis, compute the frictional contact force Second, on a per-body basis, sum up the forces, apply Newton-Euler equations of motion, and do straight numerical integration using an explicit method, say Verlet.
General Remarks, DEM The Bad Part
The approach requires very small integration step-sizes h to maintain stability and accuracy This is a fallout of the rigid body assumption that we are working with You want to prevent body interpenetration, stiff springs take care of this You want to prevent body interpenetration, stiff springs take care of this Stiff springs lead to high transients, numerical integration stability considerations limit step sizes based on the value of the stiffness For Hertzian models, stiffness (SI units) is of the order k=10 12 ⇒ step sizes of the order h=1/k 1/2 ≈ h=10 -6 Takes forever to finish simulation Because of stiff springs, you see a lot of artificial bounciness in the bodies
The system never settles, you continuously have some "noise" in the problem 16 
Differential Variational Inequality Differential Variational Inequality Methods

General Comments, DVI
Differential Variational Inequality (DVI): a set of differential equations that hold in conjunction with a collection of constraints, both equality and inequality
Recall the constrained equations of motion we dealt with: we had the Newton-Euler equations of motion Their solution also satisfied a set of kinematic constraints coming from joints These constraints are called bilateral constraints When dealing with contacts, the non-penetration condition will be captured as a unilateral constraint
At the point of contact, relative to body 1, body 2 can move outwards, but not inwards
While there is a lot of common sense intuition behind DEM, approaches that draw on the DVI are very non-intuitive (at least for me)
Developed mostly by mathematicians (scary)
